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COMMUNICATION UNIT AND METHOD
FOR SELECTIVE FREQUENCY
SYNCHRONIZATION IN A CELLULAR
COMMUNICATION NETWORK

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a national phase application of Interna-
tional Application No. PCT/EP2009/057979, filed Jun. 25,
2009, claiming priority to Great Britain Application No.
0815941.0, filed Sep. 2, 2008, both of which are incorporated

by reference herein 1n their entirety.

FIELD OF THE INVENTION

The field of the mvention relates to a wireless communi-
cation umt and method for synchromising therein. In particu-
lar, the field of the invention relates to a 3GPP wireless com-
munication unit synchronising to macro cell base stations in a
combined macro cell/femto cell cellular communication sys-
tem.

BACKGROUND OF THE INVENTION

Wireless communication systems, such as the 2”? Genera-
tion (2G) (otherwise referred to as Global System for Mobile
(GSM) communications and the 3™ Generation (3G) of
mobile telephone standards and technology, are well known.
An example of such 3G standards and technology 1s the
Universal Mobile Telecommunications System (UMTS),
developed by the 3" Generation Partnership Project (3GPP)

(www.3gpp.org).
Typically, wireless communication units, or User Equip-

ment (UE) as they are often referred to in 3G parlance, com-
municate with a Core Network (CN) of the 3G wireless com-
munication system via a Radio Network Subsystem (RNS). A
wireless communication system typically comprises a plural-
ity of radio network subsystems, each radio network sub-
system comprising one or more communication cells to
which UEs may attach, and thereby connect to the network.

The 3" generation of wireless communications has been
developed for macro-cell mobile phone communications.
Such macro cells utilise high power base stations (NodeBs 1n
3GPP parlance) to communicate with UEs operating within a
relatively large coverage area.

Lower power (and therefore smaller coverage area) femto-
cells or pico-cells are a recent development within the field of
wireless cellular communication systems. Femto-cells or
pico-cells (with the term femto-cell being used hereatter to
encompass pico-cell or similar) are classified under local area
base stations in the 3GPP standard specifications.

Femto cells are effectively communication coverage areas
supported by low power base stations (otherwise referred to
as Access Points (APs)). These cells are able to be piggy-
backed onto the more widely used macro-cellular network
and support communications to UEs in a restricted, for
example ‘in-building’, environment. Typical applications for
such femto-cell APs include, by way of example, residential
and commercial (e.g. office) locations, ‘hotspots’, etc,
whereby an AP can be connected to a core network via, for
example, the Internet using a broadband connection or the
like. In this manner, femto-cells can be provided 1n a simple,
scalable deployment 1n specific mn-building locations, since
the quality of services (voice/data) suffer due to massive
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2

attenuation of macro cell transmissions going through con-
crete walls or metallised glass planes in order to reach the user
in-building.

In a femto cell network i1t 1s known that there may be a very
large number of femto cells compared to the number of macro
cells; with femto cells often residing within, or overlapping,
macro cells 1n the same geographic area.

Often, a Voltage Controlled Temperature Compensated
Crystal Oscillator (VCTCXO) 1s used to generate a desired
(reference) operating frequency for wireless communication
units. Such crystal oscillators have been employed in UE
receivers operating in macro cells, and are also considered for
use 1n femto cells. Although VCTCXOs are inexpensive, and
therefore an attractive frequency reference component for
wireless communication unit designers, they are known to
sulfer from frequency drift from their quiescent operating
frequency, which 1s dependent upon the age of, and any tem-
perature variations aifecting, the VCTCXO.

Local oscillator (LO) frequencies for the radio recerver,
transmitter and the sampling clocks for baseband data con-
verters (for example analogue-to-digital converters (ADCs)
and digital-to-analogue converters (DACs)), are derived from
the frequency reference generated by the crystal oscillator.

Hence, this frequency drift in the crystal oscillator needs to
be carefully controlled; otherwise reference frequency drit
will lead to degradation of performance in many aspects of
the recerver. Worse still, reference frequency drift may even-
tually render the receiver incapable of decoding received
signals due to frequency drifting outside a receiver ‘lock’
range. Moreover, from a transmission point of view, a com-
munication unit 1s not allowed to transmit 3G signals at a
frequency error greater than +/-0.1 parts per million, PPM, as
per the 3GPP transmitter specifications for local area base
stations (femto cells).

In macro cell communications, base stations, often referred
to as NodeBs, are guaranteed to have high frequency stability,
as they employ expensive and, hence, highly stable crystal
oscillators. The maximum frequency drift specification of
macro cells, according to 3’ Generation Partnership Project
(3GPP) specifications, 1s +/-0.05 PPM. Notably, this high
accuracy macro cell reference frequency compares favour-
ably to the lower accuracy performance of femto cell
VCTCXO crystal oscillators, which are typically 1n a region
of less than +/-10 PPM.

Clearly, 1t 1s of paramount importance that a femto cell
communication unit receiver 1s in frequency lock with the
most stable, accurate transmitter that 1t 1s receiving signals
from, 1n order to correctly decode signals. Furthermore, it 1s
important to achieve this high frequency accuracy before the
receiver baseband modem attempts to decode the received
channels. A desired frequency accuracy performance before
decoding would be to reduce the frequency driit down to
between +/-0.1 PPM and +/-0.2 PPM. This process of reduc-
ing the frequency drift within the recerver’s decoding require-
ments 1s termed ‘frequency synchronisation’.

Though the frequency accuracy required for decoding 1s
+/-0.1 PPM, the femto cell VCTCXO crystal has to be syn-
chronised to a much greater accuracy. This 1s because the
macro cell to which the femto cell VCTCXO crystal synchro-
nises has a frequency accuracy of +/-0.05 PPM as mentioned
betore. This leaves the VCTCXO with a remaining accuracy
budget of +/-0.05 PPM, out of which +/-0.03 PPM 1s
reserved for variation due to, for example, temperature varia-
tions. As a result, the VCTCXO {frequency error has to be
maintained at a frequency accuracy of within +/-0.02 PPM.
This frequency accuracy requirement 1s termed ‘fine fre-
quency synchronisation’.
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Existing state of the art frequency synchronisation proce-
dures, for example those employed within UEs, directly re-

tune the wireless communication unit’s hardware VCTCXO
crystal to iteratively correct an estimated frequency error.
This synchronises the VCTCXO crystal to any recerved RF
signal, since it 1s assumed that the received RF signal origi-
nates from a stable reference, such as a macro cell’s Node B.
Furthermore, it 1s known that such frequency synchronisation
procedures Ifrequency lock to every received individual base
station (previously every macro cell NodeB), 1n turn, 1n order
to select the best frequency to synchronise 1ts operating fre-
quency to.

In femto cells, 1t 1s proposed that femto cell access points
(APs) incorporate a downlink (DL) recerver radio sub-sys-
tem, 1n a similar manner to a UE receiver, 1n order to wire-
lessly recerve transmissions from other wireless serving coms-
munication units, such as NodeBs and other femto cell APs.

It 1s also proposed that a femto cell AP 1s able to scan for,
recetve, and decode transmissions from base stations, includ-
ing macro cell and other femto cell base stations, 1n a manner
that 1s termed Network Listen. A Network Listen operation
may operate with base stations belonging to the same network
as the femto cell AP or a different network, and with base
stations on the same or different frequency band(s) as the
temto cell AP. A Network Listen operation may also operate
with both 2G and 3G base stations.

However, 1n a typical femto cell environment, 1t 1s likely
that, 1n addition to macro cells, there will be many other femto
cells 1 the residential neighbourhood. Hence, 1t 1s hughly
probable that the femto cell’s DL recetver could frequency
lock with both femto cell and macro cell reference frequency
signals. As a result, the accuracy of the reference frequency
signals with which the recerver 1s frequency locked cannot be
guaranteed, due to the likelithood of at least some of them
originating from a femto cell, as opposed to a macro cell.

In order to obtain accurate fine frequency estimation from
such a likely combination of femto cell and macro cell refer-
ence signals, 1t would be necessary to {filter the frequency
estimate over a long period of time (typically tens or even
hundreds of frames 1n the case of low signal-to-noise ratio
conditions). However, such a process would consume most of
the available time during a Network Listen process for each
cell. Accordingly, it 1s not desirable that a femto cell DL
receiver synchronises to another femto cell AP, since femto
cell APs will typically employ inexpensive and therefore less
accurate VCTCXO crystals.

Thus, there exists a need for a method and apparatus for
fine frequency synchronisation in a cellular communication
unit, particularly one for a 3GPP femto cell using inexpensive
VCTCXO crystal oscillator in a 3GPP combined femto cell/
macro cell communication network, which aims to address at
least some of the shortcomings of past and present techniques
and/or mechanisms.

SUMMARY OF THE INVENTION

Accordingly, the mvention seeks to mitigate, alleviate or
climinate one or more of the abovementioned disadvantages
singly or 1n any combination.

According to a first aspect of the ivention, there 1s pro-
vided a communication unit capable of communicating in a
wireless communication network. The communication unit
comprises a recerver for recerving radio frequency (RF) sig-
nals from at least one wireless serving communication unit,
and a signal processing logic module arranged to decode
transmit power information from a recerved RF signal sent by
the at least one wireless serving communication unit and to
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4

determine from the decoded transmit power information
whether a transmission from the at least one wireless serving
communication unit 1s suitable for use as a timing reference.
If 1t 1s determined, from the decoded transmit power infor-
mation, that the transmission 1s suitable for use as a timing
reference, the wireless communication unit synchronises an
operating frequency of the communication umt to the
received RF signal of the at least one wireless serving com-
munication unit.

In this manner, the signal processing logic module 1s able to
differentiate between a reliable timing reference source, such
as a macro cell NodeB, and an unreliable timing reference
source, such as a femto cell AP, based on the respective
transmit power information, for example as described in
greater detail below. Accordingly, the wireless communica-
tion unit 1s able to selectively synchronise and fine frequency
lock only with those timing reference sources that are deemed
reliable, and therefore suitable.

In one optional embodiment of the mvention, the signal
processing logic module may be arranged to decode transmit
power information recerved on a common channel broadcast
by the at least one wireless serving communication umt, and
to determine from the decoded common channel transmit
power information whether the transmission from the at least
one wireless serving communication unit 1s suitable for use as
a timing reference. In particular, the signal processing logic
module may be arranged to decode a system information
message within the received RF signal, the system informa-
tion message comprising the transmit power information for
the common channel broadcast by the at least one wireless
serving communication unit. For example, the signal process-
ing logic module may be arranged to decode transmit power
information for a Primary Common Pilot CHannel
(P-CPICH) of the at least one wireless serving communica-
tion unit, and to determine from the decoded transmit power
for the primary CPICH whether the at least one wireless
serving communication unit 1s suitable for use as a timing,
reference. In this manner, the inventive concept only requires
supporting functionality to be provided within a femto cell
and, thus, does not require supporting functionality to be
provided within the core network.

In one optional embodiment of the mvention, the signal
processing logic module may be arranged to determine
whether the transmission from the at least one wireless serv-
ing communication unit 1s suitable for use as a timing refer-
ence by comparing an extracted value within the decoded
transmit power information to a threshold value. For example,
if the value within the decoded transmit power information 1s
less than the threshold value, the signal processing logic
module may be arranged to determine that the at least one
wireless serving communication unit is not suitable for use as
a timing reference. Furthermore, 1n one optional embodi-
ment, the threshold value may be configurable. In this man-
ner, the properties of the transmit power information that
determine whether a base station 1s suitable for use as a timing
reference may be dynamically configured.

In one optional embodiment of the mvention, the signal
processing logic module may be arranged to configure the
threshold value according to information received from a core
network component of the wireless communication network.

In one optional embodiment of the mvention, the signal
processing logic module 1s further arranged, upon determin-
ing that the transmission from the at least one wireless serving
communication unit 1s suitable for use as a timing reference,
to determine whether the measured signal quality of the trans-
mission recerved from the at least one wireless serving com-
munication unit 1s above a further threshold. In particular, the
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turther threshold may be Operator configurable, and the
received quality measured may comprise at least one of
CPICH EcNo (Common Pilot Channel Energy-per-chip-to-
Noise) and CPICH RSCP (Common

Pilot CHannel Received Signal Code Power).

In one optional embodiment of the invention, 11 it 1s deter-
mined that the at least one wireless serving communication
unit 1s suitable for use as a timing reference, the signal pro-
cessing logic module may be arranged to use the recerved RF
signal of the atleast one wireless serving communication unit
to correct a frequency drift of a crystal oscillator from which
the operating frequency of the wireless communication unit 1s
derived.

In one optional embodiment of the invention, 11 1t 1s deter-
mined that the at least one wireless serving communication
unit 1s suitable for use as a timing reference, the signal pro-
cessing logic module may be further arranged to use the
received RF signal of the at least one wireless serving com-
munication unit to update an aggregate frequency error esti-
mation with which to correct a frequency drift of a crystal
oscillator from which the operating frequency of the wireless
communication unit 1s derrved.

In one optional embodiment of the invention, the signal
processing logic module 1s further arranged, prior to decoding,
transmit power mnformation from the received RF signal, to
coarse synchronise with at least one wireless serving com-
munication unit.

In one optional embodiment of the invention, the signal
processing logic module may be arranged to: determine from
the decoded transmit power whether the at least one wireless
serving communication unit comprises a femto cell access
point; and 11 1t 1s determined that the at least one wireless
serving communication unit comprises a femto cell access
point, to determine that the at least one wireless serving
communication unit 1s unsuitable for use as a timing refer-
ence.

According to a second aspect of the mnvention, there 1s
provided an integrated circuit. The integrated circuit com-
prises logic for receiving a Radio Frequency (RF) signal from
at least one wireless serving communication unit; logic for
decoding transmit power information from a received RF
signal. The integrated circuit further comprises logic for
determining from the decoded transmit power information
whether a transmission from the at least one wireless serving,
communication unit 1s suitable for use as a timing reference;
and logic for synchronising an operating frequency of the
wireless communication unit to the recerved RF signal of the
at least one wireless serving communication unit, 1f the trans-
mission 1s determined to be suitable for use as a timing ref-
erence.

According to a third aspect of the invention, there 1s pro-
vided a wireless communication system adapted to support
the communication unit of the first aspect of the mvention.

According to a fourth aspect of the invention there 1s pro-
vided a method for frequency synchronising 1in a wireless
communication unit. The method comprises: receiving a
radio frequency (RF) signal from at least one wireless serving,
communication unit; decoding transmit power information
from a received RF signal; and determiming from the decoded
transmit power information whether a transmission from the
at least one wireless serving communication unit is suitable
for use as a timing reference. If 1t 1s determined that the
transmission 1s suitable for use as a timing reference, the
method further comprises synchronising an operating ire-
quency of the wireless communication unit to the recerved RF
signal of the at least one wireless serving communication
unit.
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According to a fifth aspect of the invention, there 1s pro-
vided a computer-readable storage element having computer-
readable code stored thereon for programming a signal pro-
cessing logic module to perform a method for frequency
synchronising a wireless communication unit. The code 1s
operable for recerving a Radio Frequency (RF) signal from at
least one wireless serving communication unit; decoding
transmit power information from a received RF signal; and
determining from the decoded transmit power information
whether the at least one wireless serving communication unit
1s suitable for use as a timing reference. I 1t 1s determined that
transmission 1s suitable for use as a timing reference, the code
1s Turther operable for synchronising an operating frequency
of the wireless communication unit to the received RF signal
of the at least one wireless serving communication unit.

These and other aspects, features and advantages of the
invention will be apparent from, and elucidated with refer-
ence to, the embodiments described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will be described, by way of
example only, with reference to the accompanying drawings,
in which:

FIG. 1 illustrates an example of a cellular communication
system that combines macro-cell and femto-cells, adapted to
support frequency synchronisation in accordance with
embodiments of the invention.

FIG. 2 illustrates an example of a simplified flowchart of a
method for frequency synchronising a wireless communica-
tion unit according to some embodiments of the invention.

FIG. 3 1llustrates a block diagram of a femto cell downlink
communication unit and particularly a frequency synchroni-
sation arrangement therein, adapted in accordance with
embodiments of the mvention.

FIG. 4 1llustrates a typical computing system that may be
employed to implement processing functionality 1n embodi-
ments of the invention.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE INVENTION

Embodiments of the invention find particular applicability
in a cellular communication system that supports a number of
overlapping communication coverage areas, for example a
communication system that comprises a combination of
temto cells and macro cells. Embodiments of the imnvention
may be used by any communication unit needing to frequency
synchronise to another communication unit. For example,
embodiments of the invention may be used by a user equip-
ment (UE) comprising a wideband code division multiple
access (WCDMA) receiver. Embodiments of the invention
may be employed particularly by a femto cell recerver oper-
ating 1n a cellular communication system comprising both
temto cell base-stations (termed access points (APs) hereat-
ter) and macro-cell NodeBs. In particular, embodiments of
the 1nvention enable a femto cell downlink recerver to syn-
chronise to, and use as a timing reference, a macro-cell
NodeB’s frequency and timing transmissions, whilst disre-
garding femto cell AP frequency and timing transmissions.

Those skilled 1n the art, however, will recognize and appre-
ciate that the specifics of this example are merely 1llustrative
of some embodiments, and that the teachings set forth herein
are applicable in a variety of alternative settings. For example,
since the teachings described hereaiter do not depend on a
particular cellular communication network conforming to
any specific standard, 1t 1s envisaged that the teachings and
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inventive concept described herein can be applied to any type
of cellular communication network, although a 3’ generation
partnership project (3GPP) network 1s shown 1n this embodi-
ment. As such, other alternative implementations within cel-
lular communication networks conforming to different stan-
dards are contemplated and are considered as being within the
scope of the various teachings described.

Referring now to the drawings, and 1n particular FIG. 1, an
example of part of a 3GPP network, adapted in accordance
with embodiments of the invention, 1s i1llustrated and 1ndi-
cated generally at 100. In FIG. 1, there 1s illustrated an
example of a communication system combining macro cells
185 and femto cells 150 1n accordance with one embodiment
of the mvention. In a femto cell network 1t 1s known that there
may be a very large number of femto cells per macro cell.
Thus, the coverage area of a single macro cell will inevitably
encompass a coverage area of a large number of femto cells.

For the embodiment illustrated in FIG. 1, a radio network
sub-system (RNS) comprises two distinct architectures to
handle the respective macro cell and femto cell communica-
tions. In the macro cell scenario, the RNS comprises a radio
network controller (RNC) 136 having, inter alia, processing,

logic module 138 and being operably coupled to a core net-
work (CN) element 142, such as a serving general packet
radio system (GPRS) support node (SGSN)/mobile switch-
ing centre (MSC), as known.

In a femto cell scenario, an RNS 110 comprises a network
clement 1n a form of an Access Point (AP) 130, and a con-
troller 1n a form of an AP controller 140. As will be appreci-
ated by a skilled artisan, an Access Point (AP) 130 1s a
communication element that facilitates access to a commu-
nication network via a communication cell, such as a femto-
cell. One application that has resulted 1n the interest in femto
cell technology 1s that an AP 130 may be purchased by a
member of the public and 1nstalled 1n their home. The AP 130
may then be connected to an AP controller 140 over the
owner’s broadband internet connection 163.

Thus, an AP 130 may be considered, 1n one embodiment of
the invention, as being a scalable, multi-channel, two-way
communication device that may be provided within, say, resi-
dential and commercial (e.g. office) locations, “hotspots’ etc,
to extend or improve upon network coverage within those
locations. Although there are no standard criteria for the
functional components of an AP, an example of a typical AP
for use within a 3GPP system may comprise some Node-B
functionality and some aspects of radio network controller
(RNC) 136 functionality. The AP communicates with UEs,
such as UE 114, via a wireless interface (Uu) 122.

The AP controller 140 may be coupled to the core network
(CN) element 142 via an lu interface, as shown. In this man-
ner, the AP 130 1s able to provide voice and data services to a
cellular handset, such as UE 114, in a femto cell 150 in
contrast to the macro cell 185, in the same way as a conven-
tional Node-B, but with the deployment simplicity of, for
example, a Wireless Local Area Network (WLAN) access
point.

In macro cell communications, base stations, or NodeB’s
in 3GPP parlance, are guaranteed to have high frequency
stability, as they employ expensive and, hence, highly stable
crystal oscillators. Accordingly, 1t has been proposed that
temto cell APs incorporate a downlink (DL) receiver radio
sub-system, 1n a similar manner to a UE receiver, 1n order to
wirelessly receive transmissions from other wireless serving,
communication units, such as NodeBs, for use as timing
references for correcting any frequency drift in their often
iexpensive and hence less accurate crystal oscillators.
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As outlined above, 1t 1s not desirable that a femto cell DL
receiver synchronises to another femto cell AP for the pur-
pose of correcting any frequency drift 1n 1ts crystal oscillator,
since those other femto cell APs will typically also employ
mexpensive and therefore less accurate VCTCXO crystals,
and thus will also sufler from frequency driit.

In accordance with some embodiments of the invention, a
communication unit, such as the femto AP 130, comprises
receiver circuitry 135 for recerving radio frequency (RF) sig-
nals 120 from at least one wireless serving communication
unit, such as a macro cell NodeB 124 and for receving a
number of radio frequency (RF) signals 122 from a number of
femto cell UFEs, such as UE 114. The femto AP 130 also
comprises a signal processing logic module 160 arranged to
decode information within the received RF signals 120 from
the at least one wireless serving communication unit 124. In
particular, the signal processing logic module 160 1s arranged
to decode transmit power information within each received
RF signal 120 and to determine from the decoded transmit
power information whether the transmissions from the at least
one wireless serving communication unit 124 are suitable for
use as a timing reference. It 1t 1s determined that transmis-
sions from the at least one wireless serving communication
unit 124 are suitable for use as a timing reference, the signal
processing logic module 160 is then arranged to synchronise
an operating frequency of the communication unit 130 to the
received RF signal 120.

In this manner, the signal processing logic module 160 1s
able to differentiate between a reliable timing reference
source, such as a macro cell NodeB, and an unreliable timing
reference source, such as a femto cell AP, based on the respec-
tive transmit power information, for example as described in
greater detail below. Accordingly, the wireless communica-
tion unit 1s able to selectively fine synchronise and frequency
lock 1ts crystal oscillator to a high accuracy (typically, better
than +/—0.02 PPM) only with those timing reference sources
that are deemed reliable, and therefore suitable.

In accordance with some further embodiments of the
invention, the signal processing logic module 160 of the
femto AP 130 may be arranged to determine whether trans-
missions from the wireless serving communication unit are
suitable for use as a timing reference by comparing a value
within the decoded transmit power information to a threshold
value. For example, 1f the value within the decoded transmait
power information 1s less than the threshold value, the signal
processing logic module 160 may be arranged to determine
that the transmissions from the at least one wireless serving,

communication unit are not suitable for use as a timing ref-
erence.

3GPP Technical Specification (T'S) 25.104 1dentifies three
classes of base station: Wide Area Base Stations (e.g. a macro
cell base station); Medium Range Base Stations (e.g. a micro
cell base station); and Local Area Base Stations (e.g. a femto
or pico cell base station). 3GPP TS 25.104 also specifies a
maximum output power for each class of base station. In
particular, the maximum output power for a Medium Range
Base Station 1s limited to 38 dBm, whilst the maximum
output power for a Local Area Base Station 1s limited to 24
dBm. In practice, Local Area Base Stations such as femto cell
APs are unlikely to exceed a maximum output power of 14
dBm. No limit 1s set for the maximum output power for a
Wide Area Base Station.

Typically, a Medium Range Base Station (e.g. a micro cell
base station) will employ expensive and, hence, highly stable
crystal oscillators, 1n the same manner as for Wide Area Base
Stations (e.g. macro cell base stations ). Accordingly, it will be
appreciated that, for the purpose of simplicity and clarity,
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references herein to NodeBs and macro cell base stations
encompasses both Wide Area (macro) Base Stations and
Medium Range (micro) Base Stations, unless otherwise
expressed.

This classification of base stations, and more particularly
the specification of maximum output power levels for the
different classes of base stations, provides a means by which,
for example, femto cells may be differentiated from macro
cells. Accordingly, by identitying the class of base station
from which an RF signal originates, the suitability of the RF
signal as a timing reference may be determined based on the
likely stability of the originating base station’s crystal oscil-
lator, or other timing source.

It 1s contemplated that for some embodiments of the inven-
tion, the signal processing logic module 160 of, for the 1llus-
trated embodiment, the femto AP 130 may be arranged to
decode transmit power mformation for a common channel
broadcast by, for example, the NodeB 124, and to determine
from the decoded common channel transmit power informa-
tion whether transmissions from the NodeB 124 are suitable
for use as a timing reference.

For example, in Wideband Code Division Multiple Access
(WCDMA) cellular systems such as UMTS, and some other
Code Division Multiple Access (CDMA) communication
systems, a Primary Common Pilot CHannel (P-CPICH) 1s

broadcast by all base stations with a constant power and of a
known bit sequence. Typically, the transmit power of the
P-CPICH 1s around 10% (approximately 10 dB less than) that
of the maximum output power for the respective base station.

Each base station in a UMTS network broadcasts the trans-
mit power level for 1ts primary CPICH within an information
clement (IE) labeled “Primary CPICH TX Power”, which 1s
broadcast within a system information message. More spe-
cifically, a UMTS network utilises a Radio Resource Control
(RRC) protocol. The RRC protocol 1s defined 1n the Universal
Mobile Telecommunications System (UMTS) Radio
Resource Control (RRC) Protocol specification (3GPP TS
25.331), and forms part of the network layer between (typi-
cally) a UE and the UMTS Terrestrial Radio Access Network
(UTRAN). The RRC protocol comprises connection man-
agement procedures, which, 1 turn, comprise the broadcast-
ing of system information by the UTRAN.

In particular, system information elements, such as IE ““Pri-
mary CPICH TX Power”, are broadcast 1n system informa-
tion blocks, which group together system information ele-
ments of the same nature. Typically, the information element
“Primary CPICH TX Power” 1s broadcast within System
Information Block 5 (SIB 5), or SIB Sbis. A generic ‘SYS-
TEM INFORMATION’ message 1s used to convey the system
information blocks on a Broadcast Control CHannel (BCCH)
logical channel, which, in turn, may be mapped onto either a
Broadcast CHannel (BCH) or Forward Access CHannel
(FACH) transport channel. The BCH transport channel 1s,
in-turn, mapped on the Primary Common Control Physical
RF Channel (P-CCPCH).

In this manner, and 1n accordance with some embodiments
of the invention, a wireless communication unit, such as the
femto AP 130 of FIG. 1, may be adapted to recerve an RF
signal comprising a system information message from a wire-
less serving commumication unit (€.g. a base station), and
decode transmit power information 1n the form of the IE
“Primary CPICH TX Power” within the system information
message, 1n order to retrieve a transmit power value for the
primary CPICH of that wireless serving communication unit.
The femto AP 130 may then determine from the decoded
transmit power value for the primary CPICH whether the
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transmissions from that wireless serving communication unit
are suitable for use as a timing reference.

By way of example, as previously mentioned, the transmit
power of the P-CPICH for a base station 1s typically around
10% (approximately 10 dB less than) that of 1ts maximum
output power. Thus, for a Medium Range Base Station limited

to a maximum output power level of 38 dBm, the transmit
power of 1ts P-CPICH will be around 28 dBm. This 1s in
contrast to a Local Area Base Station, whose maximum out-

put power 1s limited to 24 dBm, less than the typical CPICH
transmit power for a Medium Range Base Station.

Thus, the signal processing logic module 160 of the femto
AP 130 of FIG. 1 may be arranged to compare a value within
the decoded transmit power information to a threshold value.
Accordingly, by setting this threshold value to, say, 24 dBm,

and by comparing the IE “Primary CPICH TX Power” value
for a base station to this threshold, 1f the IE “Primary CPICH

TX Power” value 1s less than the threshold value of 24 dBm,

it may be determined that the base station comprises a Local
Area Base Station (e.g. a femto AP), and thus 1s not suitable
for use as a timing reference. Consequently, the signal pro-
cessing logic module 160 1s able to limit those RF signals that
are used as timing references for correcting frequency drift of
the crystal oscillator to those originating from the more reli-
able macro cell base stations.

As will be appreciated by a skilled artisan, by using trans-
mit power information broadcast by a base station, such as the
primary CPICH transmit power information, only modifica-
tions to the communication unit performing the frequency
synchronisation are required in order to implement the inven-
tion.

As previously mentioned, 3GPP TS 25.104 1dentifies the
three classes of base station, and specifies a maximum output
power for each class of base station. In addition, 3GPP TS
25.104 also specifies a frequency error minimum requirement
for each class of base station. The frequency error minimum
requirement for Medium Range Base Stations and for Local
Area Base Stations 1s specified as £0.1 ppm, whilst the fre-
quency error minimum requirement for Wide Area Base Sta-
tions 1s £0.05 ppm. Accordingly, RF signals received from
Wide Area Base Stations may be considered as more reliable
than those from, say, Medium Range or Local Area Base
Stations due to their more stringent frequency error minimuim
requirement. Thus, 1t 1s envisaged 1n one embodiment of the
invention that the threshold value may alternatively be set to,
say, 38 dBm, such that only Wide Area Base Stations may be

determined as being suitable for use a timing references.

In accordance with some embodiments of the invention, it
1s envisaged that the threshold value with which the decoded
transmit power information 1s compared may be dynamically
configurable. In this manner, the properties of the transmait
power information that determine whether a wireless serving
communication unit 1s suitable for use as a timing reference
may be configured, for example by a core network component
of the wireless communication network, such as network
clement 142 of FIG. 1. Accordingly, signal processing logic
module 160 of the femto AP 130 may be arranged to configure
the threshold value according to information received from,
for example, the network element 142.

As previously mentioned, 11 1t 1s determined that the trans-
missions from the at least one wireless serving communica-
tion unit are suitable for use as a timing reference, the signal
processing logic module 160 1s arranged to synchronise the
operating frequency of the communication umt to the
received RF signal of the at least one wireless serving com-
munication unit.
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For example, the signal processing logic module 160 may
be arranged to use the received RF signal of the at least one
wireless serving communication unit to correct a frequency
drift of a crystal oscillator from which the operating ire-
quency of the wireless communication unit 1s dertved. More
specifically, the signal processing logic module 160 may be
arranged to use the received RF signal as a singular reference
with which to synchromise and correct the frequency drift of
the crystal oscillator.

Alternatively, 1t 1s envisaged that the signal processing
logic module 160 may be arranged to use the received RF
signal of the at least one wireless serving communication unit
to update an aggregate frequency error estimation with which
to correct the frequency drift of a crystal oscillator. For
example, the signal processing logic module may be arranged
to calculate a statistical aggregate (for example an average or
median) frequency drift. The signal processing logic module
may then adjust (correct) the operating frequency of the crys-
tal oscillator to synchronise to an average or median Ire-
quency.

3GPP Technical Specification (1S) 25.215 specifies two
WCDMA downlink signal quality measures, CPICH EcNo
(Common Pilot Channel Energy-per-chip-to-Noise) and
CPICH RSCP (Common Pilot CHannel Recerved Signal
Code Power). These two WCDMA downlink signal quality
measures may be used as signal quality criteria for determin-

ing the suitability of the received RF signal for fine frequency
estimation. The CPICH E

EcNo 1s defined as the recerved
energy per chip divided by noise power spectral density mea-
sured specifically on the CPICH channel of the recerved RF
WCDMA signal and the reference point for CPICH F

EcNo 1s
the antenna connector of the femto cell. The CPICH RSCP 1s
defined 1n 3GPP TS 235.2135 as the received power on the
CPICH channel after WCDMA despreading and the refer-
ence point ol measurement 1s also the femto cell antenna
connector.

For example, CPICH E

EcNo measured on a received down-
link RF si1gnal from the at least one wireless serving commu-
nication unit of greater than —20 dB may be considered as a
suitable metric for doing fine frequency estimation.

Alternatively, a CPICH RSCP measured on a received
downlink RF signal from the at least one wireless serving
communication unit of greater than —110 dBm 1s considered
as a suitable metric for doing fine frequency estimation.

Thus, and 1n accordance with some embodiments of the
invention, the signal processing logic module 160 may be
arranged to measure the recerved RF signal quality of the at
least one wireless serving communication unit and perform
fine frequency estimation to correct a frequency driit of the
crystal oscillator from which the operating frequency of the
wireless communication umit 1s dertved. The signal process-
ing logic module 160 may perform the correction 11 the signal
quality measure, for example CPICH EcNo or CPICH RSCP,
1s above a predetermined or an Operator selected threshold,
for example —20 dB or —110 dBm respectively 1n the above
example. In accordance with some embodiments of the inven-
tion, the particular criteria, for example EcCNO or RSCP, used
for determining the quality of the received RF signal and/or
the threshold with which the criteria 1s compared may be
configurable.

Referring now to FIG. 2, there 1s illustrated an example of
a simplified tflowchart 200 of a method for frequency synchro-
nising a wireless communication unit according to some
embodiments of the mvention.

The method starts at step 210 with the recerving of an RF
signal at a carrier frequency. This carrier frequency may con-
tain a combination of signals from macro cells and femto cells

10

15

20

25

30

35

40

45

50

55

60

65

12

on substantially the same frequency. Next, in step 220, coarse
synchronisation 1s performed, and scrambling codes from
individual cells 1n that carrier frequency are detected. Nota-
bly, the synchronisation process may involve performing a
coarse Irequency synchronisation procedure so that the
residual frequency error between the communication unmit’s
crystal oscillator and the recerved RF signal(s) 1s reduced to
within a range that ensures good Rake recerver performance
under moderate-to-low Signal-to-noise ratio (SNR) environ-
ments. For example, an acceptable range of residual fre-
quency error for Rake receiver operation may be between
+/-0.2 PPM to +/-0.1 PPM.

Then, for each detected cell, the method comprises the
following steps. In step 230, transmit power information, for
example a primary CPICH transmit power level, within the
broadcast channel of the respective RF signal 1s decoded, for
example using a Rake receiver based decoder. The method
then moves on to step 240, with determining from the
decoded transmit power information whether the transmis-
sions from respective wireless serving communication unit
(cell) are suitable for use as a timing reference. More particu-
larly for the illustrated embodiment, 1t 1s determined whether
the transmit power imnformation 1s greater than a threshold
value.

If the transmit power information 1s greater than the thresh-
old value, 1n step 240, the method moves on to step 250, which
comprises measuring the signal quality of the transmission
from the respective cell and comparing i1t against a further
threshold. If the measured signal quality of the transmission 1s
greater than the further threshold, it 1s understood that the
transmissions from the respective wireless serving commu-
nication unit are suitable for use as a timing reference.
Accordingly, the method moves on to step 260, which com-
prises performing fine frequency error estimation on the
P-CPICH channel of the transmission from the respective
wireless serving communication unit that are deemed suitable
for use as a timing reference 1n step 250. Finally, step 280
involves computing the aggregate frequency error of the
transmission for all the communication unmits on which fine
frequency estimation was performed 1n step 260 and then
synchronising the operating frequency of the wireless com-
munication unit’s crystal oscillator, for example to a high
accuracy of better than 0.02 PPM. The method then ends.

Referring back to steps 240 and 250, 11 the transmit power
information 1s not greater than the threshold value 1n step 240,
or the signal quality 1s not greater than the further threshold
value 1n step 250, the method moves to step 270, and the cell
1s disregarded from the point of view of a timing reference for
fine synchronising the operating frequency of the wireless
communication unit.

More particularly, the fine frequency synchronisation pro-
cess 1s operated only on those cells that are i1dentified as
suitable timing references and 1n addition have a suitable
received signal quality measure at the communication unit’s
antenna. For example, the signal quality measure may be the
received CPICH EcNo that 1s the signal-to-noise ratio (SNR)
of the Common Pilot Channel 1n the received signal or the
Received Signal Code Power of the CPICH channel in the
received signal (CPICH RSCP) from that particular cell. It 1s
envisaged 1n one embodiment of the invention that the chosen
signal quality measure and/or their threshold values that
determine a good metric may be configurable by the Network
Operator.

In addition, 1n the case where more than one suitable timing,
source qualifies or satisfies the signal quality measure, the
statistical aggregate fine frequency estimate of those cells
may be used.
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Referring now to FIG. 3, a block diagram of a communi-
cation unit 300, and particularly a communication unit’s fre-
quency synchronisation sub-system therein, adapted in accor-
dance with embodiments of the invention, 1s 1llustrated. In
one embodiment of the invention, the communication unit
may be the femto cell AP 130 of FIG. 1.

The communication unit 300 comprises an antenna 302 for
receiving transmissions from a macro cell NodeB and/or a
temto cell AP. The antenna 302 1s operably coupled to radio
receiver block 304 comprising known Radio Frequency (RF)
circuitry and (1f appropriate in some embodiments) Interme-
diate Frequency (IF) circuits that are capable of receiving and
down-converting the downlink RF signals from the antenna
302, to, say, 5 MHz baseband IQQ analogue signals 308. These
IQQ analogue signals are then provided to a baseband modem
310.

A data converter 312, for example 1n a form of analogue-
to-digital converter, converts the down-converted baseband
analogue (1Q) signals 308 to baseband digital (IQ) data
samples 314 at, say, an over-sampling rate ol F _ (for example,
15.36 MHz). The over-sampling rate (F ) 1s dertved from the
VCTCXO crystal 336 based on aratio (M/N) set by multiplier
logic module 338. The VCTCXO crystal 336 also provides
the local oscillator (LLO) frequency, F, ,, to radio receiver
block 304, to ensure correct base-band frequency down-con-
version.

In embodiments of the invention, frequency drift may be
coarsely compensated by coarse frequency compensation
logic module 316, based on compensation I/Q signals gener-
ated by the software digital oscillator 330. Baseband coarse
frequency estimator logic module 318 estimates a residual
frequency error in the IQ data samples following the fre-
quency compensation, and forwards 322 the residual fre-
quency error estimation to control logic module 326, along
with the signal quality measurements, for example CPICH
EcNo and CPICH RSCP measurements. Control logic mod-
ule 326 1s arranged to process the residual frequency error
estimation and inform 328, 334 the software digital oscillator
330 or the hardware VCTCXO 336 of the amount of fre-
quency adjustment to effect using an appropriate synthesiz-
ing algorithm, in order to correct the frequency driit.

The down-converted, coarse frequency-compensated (for
example accurate to between +/-0.2 PPM and +/-0.1 PPM),
baseband digital IQ samples are then inputto a WCDMA rake
receiver and decoder logic module 320. In one embodiment of
the invention, rake recerver and decoder logic module 320 1s
arranged to decode a broadcast transport channel of the
received signal, which contains the transmit power informa-
tion and forwards the transport blocks 324 to the control logic
module 326.

The control logic module decodes the System Information
Block 5 (SIB 5) that contains the information element *“Pri-
mary CPICH Transmit Power” and compares 1t with a thresh-
old to determine whether the channel being received 1s from,
say, a femto cell or a macro cell. Control logic module 326 1s
then able to decide whether or not to perform fine frequency
synchronisation on the decoded channel, for example 11 it
determines that the RF signal 1s from an AP of a femto cell, or
to mitiate further fine frequency estimation 1f 1t determines
that the RF signal 1s from, say, a NodeB of a macro cell.

If the control logic module 326 determines that the RF
signal 1s from, say, a NodeB of a macro cell, the control logic
module 326 may compare the signal quality measure (CPICH
EcNo or CPICH RSCP) of the RF signal from the macro cell
against a set threshold. If the RF signal exceeds this threshold,
the control logic module 326 may then mmitiate 340 a Fine
Frequency estimation procedure 342 that computes and
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reports 344 the average frequency error over a long period of
time (tens or hundreds of frames under low-to-moderate SNR
conditions) 1n order to obtain a high accuracy of typically
better than 0.02 PPM. Also, the control logic 326 may use the
received frequency error 344 1n 1ts aggregate frequency error
estimation, for example 1f 1t determines that they emanate
from a NodeB of a macro cell. Note that the aggregate 1s taken
in order to filter out any frequency drifts 1 individual
NodeB’s crystal oscillator themselves (within +/-0.05 PPM
as established earlier), and, thus, arrive at a better estimate.
The control logic module 326 may inform 334 the hardware
VCTCXO 336 to only correct the residual fine frequency
error, of typically better than +/-0.02 PPM, and not the sofit-
ware digital oscillator 328, 330 since soitware digital oscil-
lators typically have a finite lower limit of frequency genera-
tion capability of around 0.05 PPM. Hence, 1n practice, they
will not be able to generate 1,(Q compensation waveforms any
lower that 0.05 of the frequency limat.

Advantageously, with the architecture described in FIG. 3,
there 1s no need for the femto cell downlink recerver to repeat-
edly correct/tune the hardware VCTCXO crystal 336 to each
and every base station (NodeB and AP) within 1ts coverage
area 1n order to synchronise to each cell. In using a software
digital oscillator 330, and control logic module 326 config-
ured to not 1imitiate any fine frequency error estimation on a
femto cell transmission, as described above, the femto cell
AP’s baseband modem 310 1s able to synchronise 1n software
solely to macro cells and, 11 more than one macro cell 1s tuned
to, arrive at a mean fine frequency drift of the selected macro
cells.

The femto cell downlink receiver’s baseband modem 310
then physically tunes the hardware VCTCXO crystal 336 a
single time, so that 1t 1s within the desired performance range
for all recervable macro cell NodeB transmissions.

Advantageously, physically tuning the hardware
VCTCXO crystal 336 a single time remains accurate until the
next Network Listen 1s in1tiated by the Operator, which would
typically be 1n a couple of days or a week, depending upon the
VCTCXO part’s drift rate and also the accuracy of the fine
frequency estimation procedure. In this regard, in one
embodiment of the invention, the more accurate the fre-
quency estimation result, the larger the time spacing between
successive Network Listen initiations by the Operator, since it
would take longer for the crystal oscillator’s operating ire-
quency to drift beyond a frequency that necessitates a correc-
tion via Network Listen initiation.

As will now be appreciated by a skilled artisan, 1n a worst
case scenario for known approaches currently adopted, a
temto cell downlink recerver may be configured by the Net-
work Operator to perform a Network Listen scan of the whole
3GPP DL frequency band (2.11 GHz to 2.17 GHz) for poten-
tial macro/femto cells. In which case, fine frequency synchro-
nisation may be initially performed to each detected macro/
temto cell to an accuracy of better than +/-0.02 PPM, and
then discarding the frequency error estimation result 1f 1t 1s
determined from the decoded primary CPICH transmit power
information to be an AP 1in a neighbouring femto cell. The
above process may then be repeated for each of the detected
cells 1n turn. This 1s very time consuming and unnecessary
from the rake receiver decoder point of view.

A more time optimum method, according to some embodi-
ments of the invention, 1s to mitially coarse synchronise with
cach detected wireless serving communication umt, such
coarse synchronisation being sufficient to be able to operate
the rake recerver based decoder (that 1s to a frequency syn-
chronisation accuracy of around +/-0.2 PPM to +/-0.1 PPM).

Once the coarse synchronisation and rake decoding has been
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performed, embodiments of the invention propose to deter-
mine from the decoded primary CPICH transmit power infor-
mation whether the RF signal 1s from a macro cell. If 1t 1s
determined that the RF signal 1s from a macro cell, embodi-
ments propose to run the fine frequency estimation procedure
for, say, 10s worth of frames to achieve a high frequency
accuracy ol better than +/-0.02 PPM. According to some
exemplary embodiments of the invention this operation 1s
performed only on those macro cells that quality with a sut-
ficient signal quality measure, as described before, thus pre-
venting the fine frequency procedure running on APs that
were determined as femto cells. As a result, a time saving of
many orders of seconds may be achieved 1n the case where
there are many femto cells and macro cells 1n a neighbour-
hood of the femto cell running Network Listen.

It 1s envisaged that the aforementioned embodiments aim
to provide one or more of the following advantages:

(1) An ability to enable a commumication unit to automati-
cally correct frequency drift arising in 1ts crystal oscillator,
whilst allowing the use of a low cost crystal oscillator.

(1) Enable a femto cell downlink receiver to tune to mul-
tiple reference signals and select suitable timing signals to
synchronise with. For example, when a femto cell 1s operating
in a combined macro cell/femto cell environment, the femto
cell 1s able to distinguish between macro cell and femto cell
frequency transmissions. The DL receiver 1s then able to
target only the macro cell signals for fine frequency estima-
tion, and disregard any received femto cell signals. The DL
receiver may also utilise an average frequency signal from the
selected macro cells to synchronise 1ts internal signals to.

(111) The properties of the transmit power information that
may be used to determine whether a base station transmission
1s suitable for use as a timing reference may be configured, for
example by a core network element.

(1v) The mventive concept only requires supporting func-
tionality to be provided within a femto cell, and thus, does not
require supporting functionality to be provided within the
core network.

FIG. 4 1llustrates a typical computing system 400 that may
be employed to implement processing functionality in
embodiments of the mvention. Computing systems of this
type may be used 1n UEs or femto cell downlink receiver (in
particular, processing logic module in UE or a femto cell
modem that handles frequency synchronisation). Those
skilled 1n the relevant art will also recognize how to imple-
ment the invention using other computer systems or architec-
tures. Computing system 400 may represent, for example, a
desktop, laptop or notebook computer, hand-held computing
device (PDA, cell phone, palmtop, etc.), mainirame, server,
client, or any other type of special or general purpose com-
puting device as may be desirable or appropriate for a given
application or environment. Computing system 400 can
include one or more processors, such as a processor 404.
Processor 404 can be implemented using a general or special-
purpose processing engine such as, for example, a micropro-
cessor, microcontroller or other control logic module. In this

example, processor 404 1s connected to a bus 402 or other
communications medium.

Computing system 400 can also include a main memory
408, such as random access memory (RAM) or other dynamic
memory, for storing information and instructions to be
executed by processor 404. Main memory 408 also may be
used for storing temporary variables or other intermediate
information during execution of 1nstructions to be executed
by processor 404. Computing system 400 may likewise
include a read only memory (ROM) or other static storage
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device coupled to bus 402 for storing static information and
instructions for processor 404.

The computing system 400 may also include information
storage system 410, which may include, for example, a media
drive 412 and a removable storage interface 420. The media
drive 412 may include a drive or other mechanism to support
fixed or removable storage media, such as a hard disk drive, a
floppy disk drive, a magnetic tape drive, an optical disk drive,
a compact disc (CD) or digital video drive (DVD) read or
write drive (R or RW), or other removable or fixed media
drive. Storage media 418 may include, for example, a hard
disk, tloppy disk, magnetic tape, optical disk, CD or DVD, or
other fixed or removable medium that1s read by and written to
by media drive 412. As these examples illustrate, the storage
media 418 may include a computer-readable storage medium
having particular computer software or data stored therein.

In alternative embodiments, information storage system
410 may 1nclude other similar components for allowing com-
puter programs or other mstructions or data to be loaded 1nto
computing system 400. Such components may include, for
example, a removable storage unit 422 and an interface 420,
such as a program cartridge and cartridge interface, a remov-
able memory (for example, a flash memory or other remov-
able memory module) and memory slot, and other removable
storage units 422 and interfaces 420 that allow software and
data to be transierred from the removable storage unit 418 to
computing system 400.

Computing system 400 can also include a communications
interface 424. Communications interface 424 can be used to
allow software and data to be transferred between computing
system 400 and external devices. Examples of communica-
tions 1ntertace 424 can include a modem, a network interface
(such as an Ethernet or other NIC card), a communications
port (such as for example, a universal serial bus (USB) port),
a PCMCIA slot and card, etc. Software and data transferred
via communications interface 424 are in the form of signals
which can be electronic, electromagnetic, and optical or other
signals capable of being recerved by communications inter-
face 424. These signals are provided to communications
interface 424 via a channel 428. This channel 428 may carry
signals and may be implemented using a wireless medium,
wire or cable, fibre optics, or other communications medium.
Some examples of a channel include a phone line, a cellular
phone link, an RF link, a network interface, a local or wide
area network, and other communications channels.

In this document, the terms ‘computer program product’
‘computer-readable medium’ and the like may be used gen-
crally to refer to media such as, for example, memory 408,
storage device 418, or storage unit 422. These and other forms
of computer-readable media may store one or more struc-
tions for use by processor 404, to cause the processor to
perform specified operations. Such instructions, generally
referred to as ‘computer program code’ (which may be
grouped 1n the form of computer programs or other group-
ings), when executed, enable the computing system 400 to
perform functions of embodiments of the present invention.
Note that the code may directly cause the processor to per-
form specified operations, be compiled to do so, and/or be
combined with other software, hardware, and/or firmware
clements (e.g., libraries for performing standard functions) to
do so.

In an embodiment where the elements are implemented
using soltware, the software may be stored in a computer-
readable medium and loaded into computing system 400
using, for example, removable storage drive 418, drive 412 or
communications interface 424. The control logic module (1n
this example, software instructions or computer program
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code), when executed by the processor 404, causes the pro-
cessor 404 to perform the functions of the invention as
described herein.

It will be appreciated that, for clarity purposes, the above
description has described embodiments of the invention with
reference to different functional units or logic module ele-
ments or signal processors. However, 1t will be apparent that
any suitable distribution of functionality between different
functional units or logic module elements or signal proces-
sors, for example with respect to the UE, may be used without
detracting from the mvention. For example, 1t 1s envisaged
that functionality 1llustrated to be performed by separate pro-
cessors or controllers or logic module elements may be per-
formed by the same processor or controller or logic module
clement. Hence, references to specific functional or logical
units are only to be seen as references to suitable means for
providing the described functionality, rather than indicative
of a strict logical or physical structure or organization.

Some aspects of the invention may be implemented 1n any
suitable form 1including hardware, software, firmware or any
combination of these. The invention may optionally be imple-
mented, at least partly, as computer software running on one
or more data processors and/or digital signal processors.
Thus, the elements and components of an embodiment of the
invention may be physically, functionally and logically
implemented 1n any suitable way. Indeed, the functionality
may be implemented 1n a single unit, 1n a plurality of units or
as part of other functional units.

Although the invention has been described 1n connection
with some embodiments, it 1s not intended to be limited to the
specific form set forth herein. Rather, the scope of the inven-
tion 1s limited only by the claims. Additionally, although a
feature may appear to be described 1n connection with par-
ticular embodiments, one skilled in the art would recognize
that various features of the described embodiments may be
combined 1 accordance with the invention.

Furthermore, although individually listed, a plurality of
means, elements or method steps may be implemented by, for
example, a single unit or processor. Additionally, although
individual features may be included in different claims, these
may possibly be advantageously combined, and the inclusion
in different claims does not imply that a combination of
features 1s not feasible and/or advantageous. Also, the inclu-
sion of a feature 1n one category of claims does not imply a
limitation to this category, but rather the feature may be
equally applicable to other claim categories, as appropriate.

Furthermore, the order of features in the claims does not
imply any specific order in which the features must be per-
formed and in particular the order of individual steps 1n a
method claim does not imply that the steps must be performed
in this order. Rather, the steps may be performed 1n any
suitable order. In addition, singular references do not exclude
a plurality. Thus, references to ‘a’, ‘an’, ‘first’, ‘second’, etc.
do not preclude a plurality.

Thus, a method and apparatus for performing frequency
synchronisation, for example by a femto AP 1n a cellular
communication system that combines macro cells and femto
cells, has been described that may alleviate at least some of
the shortcomings of past and present techmiques and/or
mechanisms.

The mvention claimed 1s:

1. A communication unit comprising:

a recerver configured to recerve radio frequency (RFE) sig-
nals from at least one wireless serving communication
unit; and

a signal processing logic module arranged o decode trans-
mit power information from a recerved RF signal sent by
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the at least one wireless serving communication unit, the
signal processing logic module arranged to:

determine from the decoded transmit power imnformation

whether a transmission from the at least one wireless
serving communication unit is suitable for use as a tim-
ing reference; and

111t 1s determined that the transmission 1s suitable for use as

a timing reference, to synchromize an operating fre-
quency of the communication unit to the received RF
signal of the at least one wireless serving communica-
tion unit.

2. The communication unit of claim 1 wherein the signal
processing logic module 1s arranged to decode transmit power
information received on a common channel broadcast by the
transmission from the at least one wireless serving commu-
nication unit, and to determine from the decoded common
channel transmit power information whether the transmission
from the at least one wireless serving communication unit 1s
suitable for use as a timing reference.

3. The communication unit of claim 2 wherein the signal
processing logic module is arranged to decode a system 1nfor-
mation message within the received RF signal, the system
information message comprising the transmit power informa-
tion for the common channel broadcast by the at least one
wireless serving communication unit.

4. The communication unit of claim 2 wherein the signal
processing logic module 1s arranged to decode transmit power
information for a Primary Common Pilot Channel
(P-CPICH) of the at least one wireless serving communica-
tion unit, and to determine from the decoded transmit power
for the primary CPICH whether the transmission from the at
least one wireless serving communication unit 1s suitable for
use as a timing reference.

5. The communication unit of claim 1 wherein the signal
processing logic module 1s arranged to determine whether the
transmission from the at least one wireless serving commu-
nication unit 1s suitable for use as a timing reference by
comparing a value extracted from the decoded transmit power
information to a threshold value.

6. The communication unit of claim 5 wherein, 1 the value
extracted from the decoded transmit power information is less
than the threshold value, the signal processing logic module 1s
arranged to determine that the at least one wireless serving
communication unit 1s not suitable for use as a timing refer-
ence.

7. The communication unit of claim 5 wherein the thresh-
old value 1s configurable.

8. The communication unit of claim 7 wherein the signal
processing logic module 1s arranged to configure the thresh-
old value according to information received from a core net-
work component ol a wireless communication network.

9. The communication unit of claim 5 wherein the signal
processing logic module 1s further arranged, upon determin-
ing that the transmission from the at least one wireless serving
communication unit 1s suitable for use as a timing reference,
to determine whether the measured signal quality ofthe trans-
mission received from the at least one wireless serving com-
munication unit 1s above a further threshold.

10. The communication unit of claim 9 wherein the turther
threshold 1s Operator configurable.

11. The communication unit of claim 9 wherein the
received quality measured comprises at least one from a
group consisting of: Common Pilot Channel Energy-per-

chip-to-Noise, (CPICH Ec/No), Common Pilot Channel
Received Signal Code Power (CPICH RSCP).

12. The communication unit of claim 1 wherein, 1n
response to the signal processing logic module determining
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that the transmission from the at least one wireless serving,
communication unit 1s suitable for use as a timing reference,
the signal processing logic module 1s arranged to use the
received RF signal of the at least one wireless serving com-
munication unit to correct a frequency drift of a crystal oscil-
lator from which the operating frequency of the wireless
communication unit 1s derived.

13. The communication unit of claim 12 wherein, 1n
response to the signal processing logic module determining,
that the transmission from the at least one wireless serving,
communication unit i1s suitable for use as a timing reference,
the signal processing logic module 1s further arranged to use
the received RF signal of a plurality of wireless serving com-
munication units to update an aggregate frequency error esti-

mation with which to correct a frequency driit of a crystal
oscillator from which the operating frequency of the wireless
communication unit 1s derived.

14. The communication unit of claim 12 wherein, coarse
frequency synchronization 1s performed to each detected cell,
such that a rake receiver based decoder 1s able to decode
received signals.)

15. The communication umt of claim 14 wherein 11 it 1s
determined from a decoded primary CPICH transmit power
information that the recetved signal 1s from a macro cell, a
fine frequency estimation operation 1s performed for a num-
ber of received time frames.

16. The communication unit of claim 15 wherein the fine
frequency estimation operation 1s performed only on those
macro cells that qualify with a sufficient signal quality mea-
sure.

17. The communication unit of claim 1 wherein the signal
processing logic module 1s further arranged, prior to decoding,
transmit power mnformation from the received RF signal, to
coarse synchronize with at least one wireless serving com-
munication unit.

18. The communication unit of claim 1 wherein the signal
processing logic module 1s arranged to:

determine from the decoded transmit power whether the at

least one wireless serving communication unit com-
prises a femto cell access point; and

if 1t 1s determined that the at least one wireless serving,

communication unit comprises a femto cell access point,
to determine that the at least one wireless serving com-
munication unit 1s unsuitable for use as a timing refer-
ence.

19. The communication unit of claim 1 wherein the com-
munication unit comprises a femto cell access point.
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20. An integrated circuit comprising:

a logic for recerving a radio frequency (RF) signal from at
least one wireless serving communication unit;

a logic for decoding transmit power information from a
received RF signal;

a logic for determining from the decoded transmit power
information whether a transmission from the at least one
wireless serving communication unit 1s suitable for use

as a timing reference; and
a logic for synchronizing an operating frequency of the

communication unit to the recetved RF signal of the at
least one wireless serving communication unit.

21. A wireless communication system adapted to support
the communication unit of claim 1.

22. A method for frequency synchronizing a wireless com-
munication unit, the method comprising:

recerving a Radio Frequency (RF) signal from at least one

wireless serving communication unit;

decoding transmit power information from a recerved RF

signal;

determining from the decoded transmit power information

whether a transmission from the at least one wireless
serving communication unit is suitable for use as a tim-
ing reference; and
111t 1s determined that the transmission 1s suitable for use as
a timing reference,

synchronizing an operating frequency to the received RF
signal of the at least one wireless serving communica-
tion unit.

23. A non-transitory computer-readable medium having
computer-readable code stored thereon for programming sig-
nal processing logic module to perform a method for fre-
quency synchronising a wireless communication umt, the
code operable for at the wireless communication unit:

receving a Radio Frequency (RF) signal from at least one

wireless serving communication unit;

decoding transmit power information from a recerved RF

signal;

determining from the decoded transmit power information

whether a transmission from the at least one wireless
serving communication unit is suitable for use as a tim-
ing reference; and
111t 1s determined that the transmission 1s suitable for use as
a timing reference,

synchronising an operating {frequency to the received RF
signal of the at least one wireless serving communica-
tion unit.
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